I. INTRODUCTION
Although turbo codes with iterative decoding have been shown to achieve bit-error rates (BER's) close to the Shannon limit, they suffer from three disadvantages: a large decoding delay, an error floor at low BER's, and a relatively poor frame error performance (FER). This paper presents an zntemctzve concatenated turbo coding system in which a Reed-Solomon outer code is concatenated with a binary turbo inner code. In the proposed system, the outer code decoder and the inner turbo code decoder interact to achieve both good bit error and frame error performances. Also presented in the paper are an effective criterion for stopping the iterative decoding process and a new reliability-based decoding algorithm called Chase-GMD algonthm for nonbinary codes.
THE CHASE-GMD DECODING ALGORITHM
The Chase-GMD decoding algorithm is a reliability-based decoding algorithm which combines Chase-2 and GMD algorithms. Consider an ( n o , k o , d ) RS code over GF(q) with q = 2". Let y be the received sequence and a be the harddecision received sequence. Without loss of generality, we assume that the hard-decision received symbols in a are ordered in the order of increasing reliability. We also assume that an error-and-erasure algebraic decoder is used to generate candidate codewords. For 0 5 P < [d/2J, let E denote the set of test error patterns with errors (nonzero components) confined to the P least reliable positions. Let A,(q') denote the set of q' 5 q most probable symbols in GF(q) at the 2-th symbol position, 0 < i < P. The error at the i-th position of E is chosen from A,(q'). Let CGA(P,q') denote the Chase-GMD algorithm with parameter P and q' This CGA(P,q') processes all the vectors w = a + e with e in E.
For each w and each integer i E I ( P ) , erase i symbols of w starting from symbol position P + 1 to symbol position P + 2.
This results in a vector W * with i erasures. Perform errorand-erasure decoding on w*. If decoding is successful, the decoded codeword is a candidate codeword. After performing
we obtain a set of candidate codewords. Among these candidate codewords, the one with the best metric is the decoded codeword. The performance of CGA(P, q') improves as P increases.
A CONCATENATED TURBO CODING SYSTEM
To construct a concatenated turbo coding system, a turbo code with two block component codes is chosen as the inner code, and an (no,ko,d) RS code over GF(2"') is chosen as the outer code. At the decoder, the received sequence is first turbo decoded in parallel mode(l], i.e., two component code decoders operate simultaneously. At the each phase of a decoding iteration, two-decoders produce two decoded information sequences, each segmented into X vectors with no symbols stop the inner turbo decoding iteration and let the outer code decoder with algebraic decoding to take over and complete the decoding process. This new stopping criterion for inner turbo decoding is called symbol matching (SM) criterion. It saves more decoding iterations and requires much less computational complexity than the cross-entropy (CE) criterion in [2] . If the outer code decoding is not successful (decoding failure), the outer code decoder instructs the inner turbo decoder to continue its decoding iterations from the phase where it was stopped until the symbol errors at the input of the outer decoder is reduced within the error correction capability of the outer code. The interactive process continues until either the outer decoding is successful or a preset maximum number of decoding iterations for the inner turbo decoder is reached. In the latter case, the outer code decoder computes the reliability values of its input symbols based on the soft output information (log-likehood ratios of the decoded bits) of inner turbo code decoder and carries out the reliability-based CGA(p, q') decoding.
IV. SIMULATION RESULTS
Consider a concatenated turbo coding system in which the (228, 212) shortened Rs code over GF(2') is used its the outer code and the (64,57) distance-4 extended Hamming code is used as the two component codes for constructing the inner turbo code.
The biterror and frame-error performances of this system for AWGN channel are shown below. We see the waterfall performance without error floor. It is 1.3 dB away from Shannon limit. The rate of this system is R=0.75.
